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II. A Difcourje concerning fome Influence of Refpira- 
tion on the Motion of the Heart, hitherto un> 
obferved. By J. Drake, M. D. F. R. S. 

THo divers accurate Treatifes of the Heart, and its a&i- 
on, have been written by Learned Men of feveral 
Nations, efpecially by two of our own Country 5 the Great 
Dr Harvey, to whofe happy Sagacity this Nation owes the 
Glory of the Invention of the Circulation of the Blood $ 
and the incomparable Dr Lower, to whom we are behold- 
ing for a compleat difplay of the Mechanical Stru&ure of 
the Heart, and a moft ingenious Rationale of its Action. 
Yet there remain feveral doubts and difficulties about it (in 
m y °FlC^nl) not fufficiently accounted for, towards there- 
folving iOrne of which I mall offer what my own thoughts 
have fuggefted to me, and leave it to the consideration of 
the Reader. 

The Learned Dr Lower ( whofe accurate, piece on this 
Argument will infure his Reputation fo long as Phyficai 
knowledge (hall laffc in efteem) has fo well accounted for 
the Syftole, or Contraction of the Heart from the Mechani- 
cal Structure of it^ that he feems almoft to have exhaufted 
the fubjed, and had he been as happy in difcovering the 
true caufe of the Diajlole, he had left little room for the 
Induftry and Sagacity of others about this Vifcus. 

But having judicioufiy and folidly explain'dr the-Syjiole, 
he contents himfelf to afcribe the Diajl'ole to a motion of 
ReJlitHtion, which account gives me no fatisfa&ion : Be- 
caufe the Syfiole being the proper, and (as himfelf confeiles) 
the only motion of the Heart, a ftate of Contracfion feems 
to be the natural ftate, and confequently without external 
violence, it fhou'd have no Dtaftole at all. 
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This will appear more plain, if we confider the cireutn- 
ftances of it, and its motion, as a Mnfcle, with refped to 
other Mufcles. That Contradion is the proper Adion, 
and ftate of all Mufcles, is evident from Experience of 
Fad, as well as Reafon. For, if any Mufcle be freed from 
the power of Its Antagomjl, it is Immediately coxtr^ed, 
and is not by any adion of the Will, or Spirits to- be re- 
duc'd to a ftate of Dilatation. Thus, if the Mufatli Fkxo* 
res of any Joint be divided, the Extenfores of that Joint 
being by that means freed from the contrary Adion of their 
Antagonijis, that Joint is immediately extended without 
any confent of the Will, and in that ftate it remains 5 and 
fo Vice verfa if the Extenfores be divided. From whence it 
is plain, that the Mufcles have no reftitutive motion, but 
what they derive from the Adion of their Antagoniftshy 
which they are ballanc'd. Thus likewife the Spinclers of 
the Gala, Anus and Vefica, having no proper Antagonijls, 
are always in a ftate of Contradion, and fuflfer nothing to 
pafs 'em, but what is forced thro 'em by the contrary Adi- 
on of fome ftronger Mufcles, which, tho not properly to 
be ca\Y&~ Afitagonijls, yet on all neceflary cccafions per- 
form the office of fuch. 

That the Heart is a Mnfcle, furniuYd and inftruded for 
motion like other Mufcles, is (jn my opinion at leaft) de- 
monftrated beyond con trad idion by Dr Lower and others. 
And, as it is a Solitary Mufcle without any proper Antago- 
niji, and not diredly under the power of the Will, nor 
exercifing Voluntary motion, it approaches near? ft to the 
Sphintfcr kind, which only has thefe conditions in common 
with ir. But in conftant and regular alternations of Con» 
tradion and Dilatation, it differs exceedingly from all the 
Mufcles of the Body. 

This reciprocal Mjhs of the Heart has given the Learned 
abundance of trouble 3 who, finding nothing peculiar in 
ihe ftrudurc, which fliou'd necetTarily occafionir, nor any 
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Antagomji, whofe re-action fhouU prodace it, have been 
extreamly perplext to find out the caufe of it. 

But pafling over the various opinions of Authors, to a- 
void being tedious, I (hall take notice here only of the very 
Learned Dr Lower's, in whofe account of the Syftole, how- 
ever folid and ingenious, " I obferve fomething deficient, 
and whofe Hypothecs of the Diajiole I think to be precari- 
ous and falfe. 

This excellent Author, having by found Arguments, 
drawn from the Structure and Mechanifm of the Heart, 
eftablifht the certainty of its Mttfcnlar Motion, refts fatis- 
fied, without taking notice of any Affiftance, that the Heart 
receives from any other Part, except from the Brain, by 
the means of the eighth Pair of Nerves. 

The Accurate Borellus in his OeconotnU Animalis com- 
putes the Motive Power of the Machine of the Heart to bc Part -f- 
equal to, or to furmount that of a Weight of 3000 /. ThepJJy, 7 ." 
Objlades to the Motion of the Blood thro the Arteries he 
efteems equivalent to i8o,eoo/. which is 60 times as much 
as he rates the Force of the Heart at.Then deducting 45,000 /. 
for the Adventitious Help of the Mufcular Elaflick Coat of 
the Arteries, he teaves the Heart • with a Force of 3»®oo/. p ,, ?<7fc 
to overcome a refinance of 135,000'/. that is, with 1 to 
remove 45. 

This (tupendous effect he contents himfelf to afcribe to 
the Energy of Percujfion. But, had he proceeded in his 
Calculation to the Veins, which he allows to contain con- 
stantly a quantity of Blood, quadruple to the Contents of 
the Arteries, and to which this Energy of Percujfion does ei- 
ther not reach at all, or but very languidly, he might pro- 
bably have feen a neceffity for fome other Expedient to re- 
move fo infuperable a difficulty. 

But not to infift rigoroufly on the exactnefs of this Cal- 
culation (tho the great Abilities of the Author in this way, 
and his Ingenuity and Modefty, are afufficient Warrant for 
the accuracy of his Computations, and the fidelity of his 
Accounts) we may allow a much greater Deduction, than 
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would be jaftifiable, without leflening the difficulty. But 
this account I have taken notice of purely for the fake of 
the Calculation, which may be of ufe in the Sequel, the 
account it felf being in other refpe&s more defective than 
Dr Lower 's, to which we will return. 

The Dr, notwitbftanding his great Sagacity, appears (to 
me) to have overlook! fomething of very great moment 
and importance in the explication of the Action of the Heart. 
For, tho it fhou'd be granted, that the Mufcnlar Fibres oi the 
Heart acfed by the Nerves, are the immediate Inftruments of 
its ConftriStion or Syftole, yet it muff not be denied, that the 
Intercojial Mufcles and Diaphragm are of great fervice to 
aid and facilitate this Contraction, by opening a Pafiage for 
the Blood thro the Lungs, which denied wou'dbean invin- 
cible obftacle. 

Neither do they promote it that way only. The man- 
ner how they farther aflift the Heart in its Contraction, will 
appear manifeftly, if we confider the different Pofture, Scj- 
tuation and Capacity of the Blood Veflels of the Lungs in 
the feveral times of Elevation and Deprejjion of the CoJt£. 

The Pulmonary Artery rifts from the right Ventricle of 
the Heart, and runs in one Trunk, till it comes to the Afpera. 
Arteria y where it is divided, and fends a Branch along with 
each divifion. of theAfperaArtcria,accordwg to all the minuteft 
fubdivifions, of which it is likewife fubdivided, accompany- 
ing all the Bronchi, in their whole progrefs thro the Lungs. 

The Pulmonary Vein,, which empties it felf into the Left 
Ventricle of the Heart, fprcads it felf on the Afpera Artsria 
and Bronchi, m the fame manner that the Artery does. 

The nccefiary confequence of this difpofition is, that this 
Artery and Vein being coextended with, and faften'd to the 
Bronchi, muff needs fufrer fuch alteration of Superficial Di- 
mensions, as the Bronchi do in the Elevation or Deprejpon.oi 
the Cofla. 

While the Ribs are in a (fare of Dreprejfion (whether 
before Commerce with the external Air or after J the Annu^ 
iar Cartilages of the Bronchi (brink one into another, and by 

that 



( 1221 ) 

that means their Dimenfions are erceedinglycontradred. In 
conformity to this condition of the fyonchi the Pulmonary 

Artery and Vein muft likewife, either by means of their 
Mufculur Coats contract themfelves to the fame Dimenfions, 
or lye .in Folds or Corrugations, which is lefs probable. 

Oh the other hand, when the Ribs are elevated, and the 
Diaphragm bears downward, the Air ruining into the Lungs* 
fhoots out the Cartilaginous Rings, and Divaricates the 
Branches of the Trachea, and by them extends and divari- 
cates the fcveral divifions of the Pulmonary Artery and 
Veins, and thereby lengthens and enlarges their Cavities. 
' This enlargement of their Cavities is very confiderable, 
not only upon the (core of the addition, which they re- 
ceive in length thereby, but alio upon the account of their 
Divarication. For whereas, when the Ribs are deprefr, 
and the Lungs fubfide, the Blood Veffels are not only con- 
tracted, ( as I have already oblerv'd ) but their Branches, 
which are exceeding numerous, approach one another, and 
lie in juxta-pofition, by which their Cavities are very much 
comprefs'd and ftreighten'd : when the Ribs are elevated, 
and the Lungs turgid with Air, not only .the Fibres, by 
which their Coats in the oppofite State were contracted, 
are extended, but thofe innumerable Veffels, which lying 
before in lines almoft parallel upon one another, comprefs'd 
one another, making an acute Angle at their Junctures, are 
divaricated and feparated from each other, and make an 
obtufe, whereby their Channels are widen'd. 

Thus a paflage is open'd to the Blood, from the Right 
Ventricle cf the Heart to the Left, thro the Lungs, to which 
it cou'd not othcrwife paft ; and the opposition, which the 
BlOod, contain'd'jn that Ventricle, muft othcrwife ncccfla- 
rily have made to its conftriction, is taken off, and the Sy 
flole thereby facilitated. 

Nor is that all. For the Diafiole being caus'd (as I (ball 
in the fcquel (hew) by the Force of the blood ruining into 
the 'Ventricles, this Ampliation and Extenfion of the Pul- 
monary 
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mwary Artefy is a fort 6$ Check or Ctmnmplfe to it, and 
prevents an ertdeavou^ towards two contrary Aftions at 
once, which rnuft neceffarily froftrate both. For the Heart 
being a Springy \ Comprejfible Body, whofe proper A&ion, 
which is Contraction, depends on the influx of certain Flu- 
ids into its Fibres, or Subftance 5 and containing befides a 
Fluid in its Ventricles, or great Cavities, in one of which is 
the Mouth of this Artery, the a&ion of this Veffel rauft in 
great meafure refemble that of a Syringe, whofe extremity 
is immers'd in Water, the Enlargement or Expanfion of the 
Channels of the Artery anfwering the drawing of the Em- 
bolum, as the Gonftriftive Motion of the Mufcle of the - 
Heart docs the Preffure of the Atmofph'ere upon the Surface 
of the Water, the one making way for the fluid, and the 
other forcing it to follow, w T hcre the refinance is leaft. In 
this fenfe we may allow a fort of Attra&ion to the Pulmo- 
nary Artery, depending wholly upon the A&ion of the In- 
tercojlal Mufcles and Diaphragm, which we muft therefore 
confefsto be very ferviceablc and inftrumental in promoting 
the Syfiole of the Heart. 

But if the Learned Author be deficient in his account of 
the Syfloh ; that is, if he has not obferv'd all the Mecha- 
nifm and Contrivance of Nature for the Contraction of the 
Heart 3 much lefs fufficiently his he accounted for the Dia- 
ftole, or Dilatation of it, which he afcribes to a Motion of 
refiitution of the over-ftrain'd Fibres, which yet he con- 
feffes are made for ConJlriSfion only. Tis true, he im- 
mediately after joyns the influx of the Blood as a concur- 
rent caufe -j but from the flight notice that he takes of it, 
"tis plain, that he did not To much as dream of any great 
ftare it had in that a&ion. His words are thefe. 
i>e c*'t»e £$uin & (ut obiter hoc moneam) cum omnk motus contraUi- 

om perjiciatur .<& Cordis Fibr£ ad conjiriclionem folum facia fint, 
apparet quoqtte Cordk motum torum in Syftole pofitum effc ^cumq\ 
f'ibr<e ultra tonum fttnm in omni conjhiBione ejm tendantur, 
idcirco ubi nixus ijle abfolvitur, tnoln quaji reftitutionis Cor 
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km faccedit. 

.I.havc traqfcribed the eatire, ■ Paragraph. becaufe it con- 
tains his whole Bjpothcfs of! die J3mJm/c, atld;all the notice 
that he takes of it thro his whole Work-, But how {lender fo- 
ever this may prove, it is the moft. fubftantial that I have 
any where met with,except a late one of Mr Carvper,whkh is 
properly an improvement of this, and (hall bo con^dered in 
the fequel. 

But, if Contraction be the lole Aftion of thefe Fibres ("as 
this Great Manconfefles it to be) and as indeed it is of all 
Mufcular Fibres, I wonder how fo judicious a Writer came 
to flip into *fuch an abfurdity, as to call their Diftenfion 
("vulgarly but improperly called Relaxation.) a Motion of 
Reftifyition. For from the Nature of thofe Fibres, and their 
difpofition in the Structure of the Heart, the Natural State 
of the Heart appears mamfeftly to be Tonicd y and its Dila- 
tation a State of Violence ^ and confequently the Con- 
ftri&ion is the true motion of Rejlitntion y and the State to 
which it will fpontaneoufly return, when the Force is taken 
off, which is the work of the Intenojial Mufcles and Dia- 
phragm, 

Thus we are left ftill to feek for the true caufe of the 
Diafiole, which feems to me to be the main and moll: .diffi- 
cult Phenomenon, relating to the Heart and the Circulation 
of the Blood. But in Mr Corvpers ingenious Introduction to 
his Anatomy of Human Bodies, I find the Share which Dr 
Ijoveer hints the Blood to have in that Aftion, further pro- 
fecuted, and improved into the main Inftrument of the Di 
lataticn of the Heart, wherein I agree entirely with him. 
But as to the manner, and reafons of its being fo very In- 
itrumental, I can't be fo perfectly of his mind. 

The Heart (fays this accurate AnatomiftJ of an Animal' 
bears a great Analogy to the Pendulums of thofe Artificial 
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Automata, Clocks dttd Watches, vohilji its Motion is performed 
like that of other Mufcles, the Blood doing the Office of a Pon- 
du?. 

This Explication, being but a. Simile without a diftinft 
application to particulars, is bcfide fo very (hort, that I can 
at beft but give a conjecture at the meaning, which if I 
miftake, I fhall deferve to be excufed, and expect to be bet- 
ter inform'd. 

By the Blood's doing the Office of a Pondus, I fuppofe 
he means, that the Blood contributes in the fame manner 
to the Motion of the Heart, as die Weights do to that of 
the Pendulum of a Clock- If fo, the Blood, according to 
him, muft be the Inftrument of Conflri&ion 5 and Dilatation 
muff be the Natural State, or Spontaneous Motion, to which 
it wou'd, when under no Violence, return 5 * the contrary 
of which, I prefume, will appear e're I have done. 

But if he means, that the Blood in its reflux, by gravi- 
tating on the Auridles and Ventricles, dilates and expands 
em, acting therein as a Counterpoife to its contraction as a 
Mufcle, I cou'd wifli his deftgn had not bound him up to 
fo narrow a cornpafs,' and that he had given us an explica- 
tion at large of fo abftrufe and fo important a Phenomenon. 
Becaufe the Specijtck Gravity of the Blood feems to me a 
caufe by no means alone adequate to the effect, which it is 
here ibppos'd to produce. 

For, if the Blood ads only as z, weight by meer gravitati- 
on, then that part of it only which defcends from the Parts 
above the Heart can be employ'd in that action. This at 
the largeft computation can't amount to five pound weight, 
and mufr, according to the computation of Borellus, force 
a Machine,that is able to overcome a refinance of 135,000/. 
I leave every man to deduct what he (hall upon examinati- 
on find reafonably to be deducted, and yet (hall reft fecurc, 
rhat it is not to be effected in the Jcaft with fo fhnall a 
Weight. 
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But neither does the Refluent Blood gravitate in any fuch 
proportion, as I have here affign'd. For to make a true 
eftimate of its Gravitation, we muft confider .the circum- 
ftances of the Liquor fuppos'd to gravitate ^ in which it 
very much refembles Water inclos'd in a recurve Tube, of 
which, if the length of the two Legs be equal, it may be 
fufpended in the Air full of Water, with the Extremities 
downwards, without lofing a drop, altho the Diameter of 
thofe Legs fhou'd be very unequal. The Cafe of the Arte- 
ries and Veins is pretty near a parallel to a Tube, fo fill'd 
and inverted. For, if the Arteries and Veins be continued 
Tubes, ( as by the Microfcopc they are made to appear ) 
then fuppofing their contents to have no other determinati- 
on of Motion, than their own weight wou'd give "em, the 
contain'd Fluids muft be counterpoises to each other. For 
the Veins and Arteries being join'd at the fraallcr extremi- 
ties, and the larger of both terminating in the fame Parallel 
Line, it is impoffible, according to the Laws of Hjdrojia- 
tks, that the contents of either Ihou'd overbalance t'other. 
How far then muft it fall fhort of forcing the natural Power 
and Pvcfiftance of fo ftrong a Mufcle as the Heart, by m:er 
Gravitation. 

The Blood indeed has a Progrejfive Motion thro its VcT- 
fels, wherein it differs from Water, in a recurve Tube, in 
the experiment above ftated. But, if the natural Gravita- 
tion of the Blood contributes nothing to the Dilatation of 
the Heart, this Progreffivc Motion will not be found much 
more fufficient. For, as this Motion is deriv'd en i rely from 
the Heart's Conftriction (as all accounts hitherto derive it) 
cou'd the Blood be fuppos'd to re-ad upon the Heart, with 
all the force firft imprefs'd upon it by the Heart, it wou'd 
be inefficient, unlefs we will fuppofe the Force communi- 
cated to be fuperiour to the Power Communicant, which is 
abfurd. 

But when the juft and neceflary Deduftions for the Im- 
pediments, which the Blooci meets with in its Progrefs 
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thro the Vefiels, fhall be made, the remaining Force will 
be found fo exceeding weak, that to prop the Blood thro 
the Veins may be a task alone too great for fo (mall a 
Power, without charging it with the additional difficulty 
of forcing the Mufcle of the Heart. 

Alphonfus Borellus, after a great deal of folemn pains 
taken to fhew his care and exaclnefs, and to poflefs his 
Reader of the truth of his Calculations, carts up the Force 
of the Heart, and the Mufcular Coat of the Arteries, to be 
together equal to a weight of 3,750/. and allots em a Re- 
finance equal to 180,000/. to overcome which is 45 to 1. 
To make up for a difproportion, by his own conteffion, 
incredible to thofe who have not confidered the matter as 
he had done, he flings into the Scale the additional Force 
of Percujfion, which he leaves indefinite, and thinks fuffici- 
ent to force any qtiiefcent finite Refijiance whatfoever. 

But as this Acconnt and Hypothecs are part of a Poftbu- 
mous Work ( if a liberty of Conjecture may be allow'd in 
fo uncertain a matterj 1 fhou'd fufpeft, that thefe Papers 
were left unfinifht by Borellm * or at leafr, that in many 
places the laft hand was never put to cm. For, neither in 
this Place, nor any other of this Work, does he account 
for any more than the Syjiole of the Heart, and the refin- 
ance which is made to the Progreffive Motion of the Blood 
.in. the Arteries only. This alone he found to exceed the 
Power of the Heart fo prodigioufly,, that he feems to muf- 
fle it off his hands with a general and precarious Solution, 
as a difficulty that he was defirous to be rid of. For, having 
afcrib'd this Jlupendous (as he himfelf calls it) effedfc to the 
Energy of Percujfion, he takes no care to fatisfie his Reader 
any farther about it, or to refer him, or give him the ex- 
pectation of fatisfa&ion any where elfe ; altho he has an 
exprefs Treatife on. the Force of Percujfion, which was writ- 
ten preparatory to this, and to which he frequently refers 
in other Places of this Work. But what confirms ray fuf- 
picjon, that this part was intended for a farther Revife by 
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the Author, is, that he has left the Progrefs of the Blood 
thro the Veins, and the Diaftoleoi the Heart, abfolutely un- 
touch'd, tho they are difficulties of a much greater Magni- 
tude, than this which he has attempted to account fo 
(lightly for. For, in thefc he is excluded the benefit of 
Percujjjox, and has yet a greater refiftance to overcome 
without it. Omiffions of this kind are fo unufual with 
this Author, where-cver he knows himfelf to go upon 
lure grounds, that it is to me an Argument, that he doubt- 
ed the fufficience of his Percufjiott, and rcferv'd thefe im- 
portant Phenomena for farther conftderation , without 
plunging himfelf into fuch an Abfurdity as to afcribe to 
Percujfion any fuch Energy as to be able (fo broken .as it re- 
turns to the Heart) by its re-adtion to force that Power, 
from whence only it was at firft dcriv'd. 

Dr Lower and Mr Cowper deliver their Opinions of the 
Caufe of the Dilatation of the Heart fo very (hort, and 
without any Arguments to fupport cm, that by expofing 
'em naked, they feem rather to difcourfe of it tranfiently, 
as men obliged by the nature of their Subjects to fay fome- 
thing of it, than folicitous to give any full or fatisfactory 
Account, and therefore I (hall proceed no farther upon 'em 
here. 

But tho the Hypothecs of Borellus may in this cafe be 
found precarious or inefficient (' a misfortune that has be- 
fallen him in divers other particulars) his Theory holds ftil 1 
good. At leaft it ought to be allowed in juftice to his 
great Abilities and Exa&nefs, till fbme body canvi&s him 
of fome material Error in his Calculations, which has not 
as yet been done by any body, that I know of. 

Supposing then the Force of the Heart, and of the Muf~ 
cular Coat of the Arteries, as likewife of the refiftance, 
which they muft overcome, to be computed with any de- 
gree of accuracy, there remains yet fuch a prodigious dif- 
proportion to be accounted for, as requires fome more pow- 
erful Agent, than any yet affign'd, to make up the defici- 
ency. Dddddddd i What 
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\Vhat affifhince the Heart receives from the aftion of 
tke Ihorax towards the facilitating its contraction, with- 
out which affiftance there cou'cl have been no Syflole, has 
been already (hewn. Bat neither the lntercojlal Mufclcs, 
or Diaphragm, which are fo inftrumental in that part of its 
action, can contribute any thing to the Diafole - becaufe 
rhey ferve only to enlarge the cavity of the Thorax, and 
thereby to open a Paffagc to the B'ood from the Heart, and 
oromote its Ccnftricrion. 

Whatever therefore the Force is, that dilates the Heart, 
and is the Caufe of the Diajlole, it muft be equal to that of 
the Heart, the lntercojlal Mufclcs and Diaphragm $ to all 
which it a&3 as an Antagonift. I take no notice of the 
Serratm Major Anticm, and other Mufclcs, which have an 
obfeure fhare in the Elevation of the Cofi<e, becaufe as much 
may rcafonably be deducted upon the account of the Ob- 
liquns externum Abdominis, and other Mufclcs ; which, hav- 
ing their infertions on fome of the lower Ribs, arc as in- 
ftrumental towards the DepreJJion of "em, and fo bal lance 
the account. But the chief ufe of thefc is in violent Refpi- 
ration. In ordinary Jxcfpiration their fhare is fmall. 

Such a real Power ( which may in the leaft be fufpefred 
of any fhare in this Action ) is hard, -perhaps impofliblc to 
be found in the Machine of any Animal Body 3 and yet 
without fome fuch Antagonifr.it is as impoffiblc the Circu- 
lation of the Blood fhou'd be maintain'd. All the Engines 
yet difcovcr'd within the Body confpirc towards the Con- 
ftri&ion of the Heart, which is the State of guiefcencc, to 
which it naturally tends. Yet we find it alternately in a 
State of Violence, that is, of Dilatation 3 and this upon ne- 
ceffity, becaufe upon this Alternation depends all Animal 
Life. 

Some fufficient Caufe external muft therefore be found, 
to produce this great Phenomenon, which Caufe muft be 
either in the Air, or Atmofphere, becaufe we have no con 
ftantt and immediate Commerce with any other Mediams. 

Some 
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Some great Phyficians obferving this, and that deprivVt 
by whatfoever Means of Communication with the external 
Air, we became inftantly extinct, have imagin'd, that in 
die Actt of Infpiration certain purer parts of the Air mixed 
with the Blood in the Lungs, and was convey VI with it to 
the Heart, where it nouriQYd a fort of Vital blame, whicji 
was the caufe of this reciprocal Mjius of the Heart. Others 
not quite fo grofs, rejecting an Actual Flame, have fancied 
that thefe fine Parts of Air mixing with the Blood in the 
Ventricles ot the Heart, product! an Efervefcence which 
dilated it. But thefe Fancies have been long fince exploded 
and condemn'd upon ample Conviction, and 'tis a Point 
yet undetermin'd, whether any Air does mix with the Blood 
at all in the Lungs, or not. 

But fuppofing that fome Air may infinuate it felf into 
the Pulmonary Vein, . it can no other way dilate the Heart 
than by an EfFervefcence in the Left Ventricle, which 
wou'd not dilate the RJght. But this opinion is contra- 
dicted by Autopfe, and too laboriously confuted by others, 
to be brought upon the Stage again here. 

There remains therefore only the grofs Body of the At- 
mofphen to be confider'd, which is undoubtedly the true 
Antagonijl to all thofe Mufcles, which ferve for, ordinary 
Infpiration and the Conftriction of the Heart. This will 
appear more evidently, if we conftder not only the Power, 
but the necefiity of its Action upon Animal Bodies, as well 
as the want of other tufficicnt Agents. 

The Heart is a Solitary Mufcle of very great Strength, 
and the Intercoflal Mufcles and Diaphragm, which likewife 
have no Antagonifts, are a vaft additional Force, which 
muft be ballanc'd by the contrary action of fome equiva- 
lent Power or other. For, tho the Action of the Inter- 
cofyd Mufcles be voluntary, that does not exempt 'em from 
the condition of all other Mufcles ferving for voluntary 
Motion, which wou'd be in a State of perpetual contracti- 
on, notwithstanding any Influence of the Will, were it not 

for 
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for the libra tion of Antagonifl Mufcles. This libration be- 
tween other Muf ks js anfwer'd by the Weight of the in- 
cumber t Atmojphtre, which prefles upon the Thorax and 
o'her Parts or :hc Body. And, as in all other voluntary 
Motions the influence of the Will only gives a Prevalence 
tc one of two lowers before equilibrated, (b here it ferves 
to enable thole Mufcles to lift up a Weight too ponderous 
for their ftrcngth not fo affilled 5 and therefore as foon as 
that afliftance is withdrawn, the Cojia are again deprefs'd 
by the mcer Gravitation of the Jtmofphere, which wou'd 
otherwjfe remain elevated thro the natural tendency of 
thofe Mufcles to contraction. 

This is evidently prov'd from the Torricellian experi- 
ments, and thofe made upon Animals in Mr Boyle's En- 
gine ; where, as foon as the Air is withdrawn, and the 
prejfure thereby taken off, the Intercoftal Mufcles and Dia- 
phragm are contracted, and the Ribs elevated in an inftant, 
and can't by any power of the Will be made to fubfide, 
till the Air is again let in to bear 'em forcibly down. 

It were fcarce worth while to take notice here of a Mi- 
ftake of the Learned Dr Wilik, were it not for the Great 
Authority of the Man, which is almoft fufficient to keep 
Error in countenance. The Dr having obferv'd that the 
D . e **&'""£. Fibres of the External and Internal Intercoftal Mufcles ran 
vju. m a contrary order, as it were, decufiating each other, takes 

occafion from thence to fancy, that there was an opposition 
in their Office, and that as the External ferv'd to raife up 
the Ribs, the Internal drew 'em down again, forgetting at 
that time, That, when a contractile Body is faften'd at 
the feveral ends to Points unequally movable, let the Con- 
traction happen in what part or manner foever, the more 
movable Point muft be drawn towards the lefs movable : 
By which rule, whether External or Internal Intercodals be 
contracted, the lower Ribs will be fore'd to approach the 
upper, that is, be rais'd up. 

As 
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As in the Elevation of the Cojl<e, the Blood, by the pat- 
fage that is open'd for it, is in a manner follicited into the 
Lungs, fo in the D^preiiion of 'em, by the fubfidence of 
the Lungs and the Contraction of the Blood Veflels, both 
which are eonfequent thereof, the Blood is forcibly driven, 
as it were with an Embolnm, thro the Pulmonary Vein into 
the Left Ventricle of the Heart. And this, together with 
the general Comprejfion of the Body by the weight of the At- 
mofphere y which turrounds and profiles upon the whole Sur- 
face of it, is that Power which caufes the Blood to mount 
in the Veins, after the force imprefs'd upon it by the 
Heart is broken and fpent, and which is fufficient to 
force the Heart from its natural State to dilatation. 

He that is able to compute the weight of a Column of 
Air, equal to the Surface of the whole Body, will readily 
grant it a Power fufficient for the Effects, which are here 
afcrib'd to it. And. when he confiders, that the Bodies of 
Animals are comprefiible Machines, he will find that it 
muft of neceffity affect them in the manner here laid down. 
But tho our Bodies be entirely compos'd of Tubuli, or Vef- 
felsfijl'd with Fluids, yet this Prelfiire, how great foever, 
being equal, cou'd have no effect upon 'em, if the fuperfi- 
cial Dimensions were not eafily variable 5 becaufe being 
comprefs'd on all parts with the fame degree of Force, the 
contain'd Fluids cou'd not any where begin to recede, and 
make way for the reft to follow, but wou'd remain as fixt; 
and immovable as if they were actually folid. But by the 
Dilatation of the Thorax^ room is made »for the Fluids to 
move, and by the Coarctation of it frefti motion is impreit, 
which is the main Spring whereby the Circulation is fet 
and kept going. 

This reciprocal Dilatation and Contraction of the Super- 
ficial Dimenfions of the Bo!y fecms fo neceffary to Animal 
Life, that there is not any Animal fo imperfect as to want 
it, at leaft none to the inward Structure, of which 
our Anatomical Difcoveries have yet reach'd. For, the 
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molt kinds of Fijh, and Infects, wants both moveable Ribs, 
and Lungs, and confequently have no dilatable Thorax, yet 
that want is made up to em by an Analogous Mechanifm, 
anfwering fufficiently the Neceflities of their Life. 

Thofe Fifties, which have no Lungs, have Gills, which 
<lo the Office of Lungs, receiving and expelling alternately 
the Water, whereby the Blood Veffels fuller the fame Alte- 
ration of Dimenfions, that they do in the Lungs of more 
perfect Animals. 

The Lungs or Air Veffels of In feds are yet exceedingly 
more different in Structure, Diftribution and Scituation from 
4hofe of perfect Animals, than thofe of Fifties are, and yet 
in their life and Action agree perfectly with both, that is, 
receiving and excelling the Air, and varying the Dimenfions 
and Capacities of the Blood Veffels. Thefe having no Tho- 
rax, or feparate Cavity for the Heart and Air Veilels, have 
the latter distributed thro the whole Trunk of their Bodies, 
by which they communicate with the External Air thro 
feveral Spiracula or Vent Holes, to which are faff en 'd fo ma- 
ny little Trachea, or Wind-pipes, which thence fend their 
Branches to all the Mufcles, and Vifcera, and feem to ac- 
company the Blood Veffels all over the Body, as they do 
in the Lungs only of Perfect Animals. By this difpofition 
in every Injpiration, the whole Body of thefe little Animals 
is inflated, and in every expiration comprefs'd, and confe- 
quently the Blood Veffels muff, fuffer a vicijjitude of Exten- 
sion and Conrraction, and a greater motion muft thereby be 
imprefs'd upon the Fluids contain'd in 'em, than the Heart, 
which does not in thefe Creatures appear to be Mufcular, 
feems capable of giving. 

The only Animal that is exempted from this neceffary 
condition of Breathing, or receiving and expelling alternately 
fo we fluid into and out of the Body, is a F<etm. But this, 
while included in the Womb, has little more than a vege- 
tative Life, and ought fcarce to be reckon'd among the 
«umber of Animals. For, were it not for that fmall fharc 
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of Mufcular Motion, which it excrcifes in the Womb, k 
might without abfurdity be accounted for as a Graft upon, 
or Branch of the Mother. 

Concerning the immediate nutter, and means of Life, and 
Nutrition, Authors are not agreed, nor is it the bufinefsof 
this place to reconcile, or decide their differences, but to 
account for the motion of the Blood thro the VeiTels only. 
In order to this, it will be neceffary to obferve, that the 
Pulfation of the Heart in a Fetus is fo very weak and ob- 
fcure, and the motion of the Blood fo excrea'm (low and 
languid, as to be fcarce, if at all, perceivable, as has been 
experiene'd in the Diffe&ion of Puppies before Refpiration 
had. To produce fuch a feeble Palpitation, and creeping 
Motion, no greater force feems to be requir'd than may befjjjjj^ *?• 
deriv'd from the Communication between the Veffels of the Air. 
Mother and Fostus in the Placenta' I am not ignorant, f bat^'^ ; ^ 
divers very Learned Anatomifts (whom the Crowd Uaveim- JmidefJl 
plicitly follow'd) have abfolutely rejedfe .1 allCommunication 
between thefe Veffels. But, with fubmiffion to Great Au- 
thorities, I think they have acted arbitrarily, and without 
(ufficient Warrant from Reafon or Experiment. For nei- 
rher are the Arguments which they bring againft it con- 
clufive, nor the Office which they affign to" the Umbilical 
Veffels in lieu of it, proper, or natural to thofe Veffels, or 
the reality of the Faft made out by any fubftantial Reafons. 
Thofe that reject this Communication ufually do it in. fa- 
vour of one or both of thefe Opinions, that the Arteries 
of the Uterus do depofite a Nutritive Juice, or a Juice im- 
pregnate with Air in the Placenta, which is fuck'd in by the 
Umbilical Vein, and convey'd to the Foetus, for the necef- 
fary Ufes of Nutrition and Life. Now thofe that patro- 
nize either of thefe Opinions lead Nature an unneceffary 
dance. For if the Maternal Blood does really contain any 
fuch Nutritious, or any fuch neccflary Aerial Particles, why 
fhou'd they be feparated and pxtravafated, to be with diffi- 
culty receiv'd into the Umbilical Vein, and again mixt with 
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the Blood, when they might more easily have been impart- 
ed by the plain fimple w iy of Transfufion from the Arte- 
ries of the Mother to the Veins ot the Fetus. And, that 
this is the courfe which Nature takes in this cafe, I am 
perfwaded from the eafitiefs and (implicit)' of the Method, 
which readily performs what might be perhaps in vain ex- 
pected from t'other, and wou'd over and above find 'cm, 
what they feem to grope (b blindly about for, a fir ft Mover 
of the Blopd in a Feet its. 

Thofe that contend for the conveyance of a Nutritious 
Juice, thro the Umbilical Vein from the Placenta, are fore'ei 
upon two difficulties next to Abfirdities. For firft, they 
are oblig'd to make this Vein, which, as all other Veins, 
feems dedicated to the re-conveyance of Blood only, the 
proper and immediate Channel, thro which a very different 
Liquor is to be carried $ and next to give a Power of At- 
traction or Suction to it 5 becauie the Nutritious Juice, 
wJbieh it is thus deftin'd to carry is both Vilcous and Stag- 
nant, and has neither force to drive, nor fubtilty to pene- 
trate, or infinuate it felf into the Capillary Veins j and there- 
fore muft be drawn or fuckt as Milk is from the Breafl, to 
which the Placenta and its Nutritious Juice are by the 
favourers of 'em exprefly compared. But it this were the 
fole ufe of the Placenta., and Umbilical Veflels, why 
were the Umbilical Arteries fent along with the Vein > 
Their bufinefs is not to bring any thing back to the Foetus, 
nor can they contribute any thing to the benefit ot the 
Mother ' for the Uterine Arteries bring all to the Placenta, 
the Umbilical Vein carries it to the Fcetus, and the Uterine 
Veins convey back again the Surcharge of the Mothers 
Blood 5 the Umbilical Arteries only, have nothing to do, 
and are fuperfluous and impertinent,which is contrary to the 
conftant pradice of Nature. Yet if Autopfie did in the Jeaft 
countenance this Hypothefis, fome defence might ftill be 
made ; but we find in the Umbilical Vein of a Fcetus nothing 
kit FhridBlood., iuch a? in all probability it received im. 

mediately 



( 1^35 ) 

mediately from the Arteries of the Mother without any 
mixture. And therefore I can't help concluding, that this 
opinion engages its favourers in fome Abfurdity, without 
Neceffity and without Proof. *. 

They that from the Placenta fupply the Body of the 
Fcetus with Air, are as much diftrefs'd as t'other, for they 
are forc'd to beg the queftion twice, which, even when 
granted, will not anfwer their ends. Firft, they fuppofe, 
that an intimate mixture or confufion of Air with the 
Blood, is neceffary for the fupportof Animal Life, a Pojlu- 
latum, which perhaps the former part of this Difcourfe may 
have render'd unneceffary :, and next that the Fxtus is fup- 
plied with Air from, and its Blood mixt with it in the Pla- 
centa. 

But here again they fetch a Compafs without neceffity or 
proof. For if a mixture of Air were neceffary to a Fetus, 
why mould it be feparated from the Mothers Blood, 
and not rather both communicated together, fince it is fo 
much more eafie and commodious. But neither does the 
Placenta feem to beinftru&ed and provided for the fepara 
tion of Air, but of a much gr offer Fluid, deftin'd to fome 
other ufe, which Autopjk confirms. Yet were both thefe 
opinions true, they are however defective, and the Circular 
Motion of the Blood unprovided for. 

By the way of Transfufion this great Phenomenon is 
naturally accounted for, and the ends, for which the o- 
ther two Hypothefes were devis'd, might both beanfwered 
with more eafe. For the Byjierick Arteries tranfmitting 
their Blood immediately to the Umbilical Vein, may very 
eafily tranfmit f uch Nutritious Juices or Aerial Particles as 
are contain'd in the Blood, along with it, without depofiting 
em by the way. By this means fo much of the Impulfe of 
the Mothers Blood is preferv'd, as fuffices to maintain that 
languid circulation, which a Foetus enjoys. For the Blood 
being driven thro' the Arteries of the Uterus into the Um- 
bilical Fein, is convey'd directly to the Sinus of the Porta, 
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and thence, by a fhort and direct pafTage thro' the Cava, to- 
the. Heart 5 where palling thro the Foramen Ovale to the 
heft Ventricle, and thro the Canalis Arteriofus from the 
Right and Pulmonary Artery, it is all deliver'd without co^ 
ming at the Lungs, to the Aorta, and from thence again by 
die Umbilical Arteries to the Veins of the Uterus, making 
a fort or Epicycle to the main Circulation in the Mother. 

As this Opinion is favour'd by the ftru&ure and difpofi* 
tion of the Blood Veflels on both parts,fo there is nothing in 
it difficult to beconceiv'd, or repugnant to experience. Late 
difcoveries have. made it appear, that the Arteries and Veins 
are continued ..Tubes, and that the latter contain nothing 
out what they receive from the former, and no reafon ap- 
pears why we fhou'd think this Met-hod to be varied in the 
Placenta. On the other hand, if the Arteries of the Ute- 
rus were continued to the Veins of the fame \mt, and thofe 
of the Fetus, in like, manner, without communicating with 
each other, their confluence in the Placenta feems to be al- 
together impertinent and of no ufe, and the Umbilical Ar- 
teries and Vein fram'd for no other fervice or purpofe, 
than to give the Blopd room for an idle Sally. 

Thus the reafonablenefs of this old Opinion may be vin- 
dicated, but the certainty of it refts upon ftronger proof. 
Mr Conner, to whofe happy lnduftry we owe the Confir- 
mation of many Antient Difcoveries, . and the benefit of 
fome new ones, has the honour to re-eftabliuYthis old, but 
long exploded » Truth. For by pouring Mercury into a 
Branch of the Uterine Artery of a Cotpp, that went into one 
of the Cotyledones of the Uterus, he fill'd thofe Branches of 
the Umbilical Veins, which went from that Cotyledon to 
the Navel ofthe.Fatus ; which with a part of the Uterus 
he keeps prepar'd by him. 

It wou'd be a weak objection, to. alledge that the Obser- 
vation and Experiment being made on the Uterus of a Cow, 
the inference wou'd not hold from thence to a Woman, the 
one being GlandnliferoHs, and the other PUcmtifems 'Pl- 
anes 
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fincc ev'ry one of thefe Cotyledones, or uterine Glandules, i» 
in all refpecfs a little Placenta, and all the difference be- 
tween 'em jsin number, name, and magnitude. Why Ru- 
minants differ in this particular from other Viviparous Am-* 
mals, is belide the fubjetr. of our prefent Enquiry. But the 
great Flux of Blood which conftantly follows upon draw- 
ing the Placenta from. Women (which is frequently (b 
great as to coir, em their Lives) is as plain a demonftratioii 
to Reafon of the Continuity of the Veflels, as Mr Cowpcrs 
Experiment is to the Eye. 

I have heard it objected by very learned men, that if 
there were fuch a Continuity ■©! Veflels, and fuch Transfufion 
of Blood, the Fetus muff neceflarily perifli thro lofs of 
Blood, upon the feparation of the Pbacenta from the Vte-. 
rus, but that on the contrary- no vifible flux of Blood does 
followwhile the Fatus continues wrapt in the Membrane* 
in which condition it may be kept alive fome hours. To 
this it may be anfwer'd, that the Circulation in the Fetus 
being deriv'd from the Mother, may be fuppos'd wholly 
to ceafe upon the cutting off the communication between 
"em, till it is again rcnew'd more forcibly by refpiration. 
But if we allow the Motion already imprefs'd upon the 
Blood to be fufficient to keep it going a little while, yet it 
muft needs' be fo exceeding languid, that the meer rcfiftance 
of. the external Air muft be more than enough to hinder any 
Efflux of Blood from a Fetus before Refpiration. .How long 
Life may be prcferv'd without an actual Circulation of the 
Blood, is a queftion not of this place. But we have been 
convine'd by many and notorious Obfervations and Experi- 
ments, that Life has been recover cl. a long time after all to 
kens of Refpiration, Circulation, or even Life it felf have 
difappear'd, fo that we* can't think the firft folution either 
impoflible or improbable. 

I expect to be told, that in the early days of Gtflation in 
Viviparous Animals' there is no Placenta, or any Adhefion of 
the Umbilical Veflels to any part of the Mother, and confe- 
quentiy no fuch Transfufion 5 and that in Oviparous there h 
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no continuity, or communication of Vefiels of any kind, du- 
ring the whole time of Incubation. 

But thefc Obje&ions carry neither the Weight nor Diffi- 
culty along with 'em, that they may k be fuppos'd to do^ for 
in thofe days there is neither Blood nor Blood Vejjelt, and 
confequently there can be no Circulation of the Blood ; and 
the Embryo, of what Species foever, is no more than a Ve- 
getable at that time ; nor does the Fcetus of any Viviparom 
Creature enjoy any Circulation, or fhew any figns of Animal 
Life, till after thofe Veflels, as well as others requifitc to the 
Circulation, are compleated. 

It muft be confefs'd, that Oviparous Animals are denied 
the Benefit of this Communication : But that want is fuffi- 
ciently compenfated by a peculiar Mechanifm, which di- 
rectly anfwers the ends of Refpiration, and the Prejfure of 
the Atmofpherc upon the Fcetus. There is at the Obtufe end 
of an Egg a frnall Cavity fili'd with Air, which is the Suc- 
cedaneous Inftrument to the Rcfpiratory Organs. For as 
foon as the Contents begin to be warm'd by the Incubation 
of the Hen, or any analogous Heat of Furnace or Dunghil, 
the feveral Humours of theEgg require a Fermentative Motion, 
and the Air contam'd m the Cavity or Vejiclezt the obtufe end of 
the Egg is rarefied,and thcVeficle extendedand enlarg'd, and 
confequently the other contends arecompreft 5 to which the 
Fermentative Motion naturally refifts. But both Bodies being 
as weir comprejjible as dilatable, and both having an Expan- 
five Motion impreft upon em by Incubation, the compreffion 
and renitency will be mutual $ but varied in degree, accord- 
ing as cither, thro the variation of Circumftances, mall pre- 
vail. By this means, an Alternation of Compreffion and Dila- 
rntion will be produe'd in both anfwering the Refpiratory Mo- 
tion,by which aMotion will be communicated,which,as foon 
cs the Organs by which it fhou'd be regulated are compleat- 
ed, will in the Body of the Rulliu be regular and circulatory. 

Fabritius ab Aquapendente, and after him our Great 
Or bhrvcy, have affign'd divers ufes to this Cavity or Air 
Veficle, the Extravagance of which have perhaps deterr'd 
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others from enquiring fo much into the life, as the impor- 
tance of it requir'd. But tho I can't agree to that Perfpira- 
tion, Refrigeration, and Refpiration, which they make it the 
Instrument of, yet perhaps the Air, that was inclos'd in that 
Cavity, may thro the augmentation of the Body of the Pa/-* 
Ins, and its own Rarefaction (which is at laft fo great as to 
occupy half the Shell) break the Membrane, which fe para ted 
it from the Pullus, and thereby give fo much Refpiration as 
to form the chirping Voice, which is often heard before the 
breaking of the Shell, and with it give an Addition of 
Strength to enable it to break the Shell. But how it fhou'd 
refpire fooner is to me inconceivable. 

There are many Problems of great feeming difficulty, the 
folutionsof which flow naturally from what has been laid 
down here: But intending to profecute this Subject farther, 
and to treat of the Impediments of Refpiration,- and the 
confequences of Rcfpiration obftrucled or intermitted, I (hall 
refervc em for that opportunity, and content my felf here 
to attempt the Harvey an Problem only, which has given 
abundance of Authors fo much perplexity. 

That incomparable Philofopher enquires, Why a Foetus, 
taken ont of the Uterus with the Membranes entire, Jh kill live 
in Water fome hours without communication with the external 
Air ^ whereas if it be taken out andfufferd once to breath, it 
can't afterwards furvive a moment without the bene ft 0/' Rcfpi- 
ration. 

Granting the Fact to be as he has dcliver'd it, which yet 
is not fo in all cafes, the main difficulty is grounded on a 
Miftake, which from the ftating of the Queftion I find this 
Great Man to have flipt into. For he thinks, that a Fcetus 
is fooner fuffocated after having once breath'd, than if it had 
not breath'd at all, and that by breathing it had contracted 
fomething which render'd it more perifhable- Idem tamen Herv ^ d: Qin ^ 
fecundis exutus, (fays he) ft femel aercm intra Pulmones at- ^ntm. c* :/ 
traxerit, poftea ne momentum quidem iemporis abfq^ eo dura v e dc v " f " 
pojfit, fed confejiim moriatur .<? And prefently after, Siquidcm 
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vonftat, fete/ft, pjiquam eum femel hauferit, citius fuffbcari-^ 
quam cum ab illo prof fus accebatur. The Dr, obferving a Fcetm 
to live longer without Refpiration, and to difpence better 
with the want of Air while included in the Membranes en- 
tire, than it cou'd afterwards 3 infers thence, that the Air 
does in the firft Ad of Infpiration imprefs upon the Lungs 
fome quality, which renders it ever after more indifpenfably 
neceflary. But allowing his Observation, I muft yet deny 
his Inference to be good : For, deprive a Foetus of means 
of refpiring, and then take it out of the Membranes, and it 
ftiall be as foon fuffocated, as if it had refpired before. 
This proves, that this Neceflity of intercourse with the Air 
by way of the Lungs is not the OfFsfpring, but the Parent 
of Ref piration, and that, that Learned Man was drawn into 
a Fallacy of JSton caufd pro caufd. 

The reaffon of this Neceffity is the preffure of the External 
Air upon the Surface of the Body, from which it was de- 
fended by theinterpofition of theMembranesand theHumours 
contain'd, which are not fo compreflible, as the Body of the 
Fetus itfelf. So foon therefore as thoF<etus is excluded, and ex- 
posed to the immediate contact, of the ambient Atmofphere,the 
Veflelsand ail the Cavities of the Body muft neceffarily be fo 
comnrefsM, that the Fluids can't have room for Motion, and 
confequentiy the Fetus cou'd have no Life, if Nature had not 
contriv'd by the Motion of the Thorax to remove and admit 
that.preffure alternately, and thereby to imprefs a Motion 
on the Fluids, which is the Spring of Life. But this Motion 
of the Thorax being any way fupprefs'd, the equal preilure 
of the Atmofphere on all parts occafions a total Ceflation of 
Motion, which is Death. 

I (hall profecute thisSubjed no farther now,nor trouble the 
Reader with anyApology,tordiflenting from thofe greatMen 
herein named : Becaufe, I hope, I have done it with Modefty, 
and all the Refped due to fo great Authorities, and have af- 
fign'd nothing which is not matter of Fad uncontrovertcd, 
er dedue'd from it by plain Mechanical NeceiGty. 
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